To divide asymmetrically, the mitotic spindle is moved from the cell center to the cortex, a process that requires astral microtubules and the microtubulebased motor dynein. New work examining spindle positioning in large oocytes shows that in these cells actin and actin polymerization plays a key role.
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Asymmetric cell division underlies fundamental developmental processes in all eukaryotes and serves to generate unequal daughter cells. In stem cells, for example, asymmetric division results in one daughter cell capable of self-renewal and a second daughter cell capable of differentiating. During the reductional division that leads to a mature egg, asymmetric division is used to ensure that the cytoplasmic components needed for early development are retained in the cell that will be fertilized. To divide asymmetrically, cells assemble a mitotic (or meiotic) spindle near the cell center and subsequently move the spindle to the cell cortex. Because spindle position dictates the location of the contractile ring, which is responsible for dividing the cytoplasm, proper orientation of the spindle relative to the cell is essential for asymmetric division.
So how does the spindle move to the appropriate location? Much of what we know about this process has been learned from studies of the first mitotic division in the worm Caenorhabditis elegans (Figure 1 ) [1] . In these cells, experiments utilizing a laser beam to sever the spindle show that pulling forces act on the two spindle poles, but that a greater net force acts on the posterior pole, resulting in spindle displacement [2] . Pulling forces require dynamic astral microtubules and cytoplasmic dynein, a minus-end-directed motor protein whose asymmetric activation, or localization, is regulated by cortical polarity factors [1] . Results in other systems, notably Drosophila, support this microtubule-dependent model for spindle positioning [3] .
Meiotic spindles in the very large mammalian oocytes, however, lack centrosomes and have reduced numbers of astral microtubules, suggesting that a different mechanism may be responsible for spindle positioning. In fact, several studies have pointed to the involvement of actin in these cells [4] [5] [6] [7] [8] . Unfortunately, imaging actin in the interior of these large cells has been challenging. Dynamic actin has proved notoriously difficult to chemically fix and stain [9] and, although useful for imaging actin in some cell types [10, 11] , a probe comprising actin fused to the green fluorescent protein fails to incorporate into actin structures in other cell types [12] . Because of these technical challenges, definitive evidence for actin-mediated spindle positioning has remained elusive.
Two new reports [13, 14] now show that dynamic actin and the actinpolymerizing factor formin (Fmn2) are required for spindle positioning during meiosis in mammalian oocytes. These studies both have taken advantage of new actin probes that enable imaging of actin structure and dynamics in live oocytes. Li et al. [13] used LifeAct, a probe that comprises the first 17 amino acids of ABP140 fused with enhanced green fluorescent protein (EGFP) and binds to actin without altering actin dynamics [12] . Schuh et al. [14] , as reported in a recent issue of Current Biology, used the calponin homology domain of utrophin tagged with EGFP, which similarly binds F-actin without perturbing dynamics and has been used to examine actin in frog oocytes [15] . These new actin probes represent a breakthrough for imaging actin and have enabled detailed mechanistic studies of spindle positioning.
The Li study [13] observed a surprising finding in live oocytes -F-actin was organized as a 'cloud' that surrounded but didn't directly touch the chromosomes (Figure 1 ). As the chromosomes began to move, the actin cloud became asymmetric, with the bulk of F-actin behind the moving mass of chromosomes. Jasplakinolide, which stabilizes F-actin, prevented both chromosome motion and formation of the asymmetric actin cloud. By tracking the center of mass of the chromosomes, they showed that motion was pulsatile, and depolymerization of microtubules resulted in faster motion, suggesting that in these cells microtubules restrict, rather than mediate, movement. Oocytes from Fmn2 -/-mutant mice lack cytoplasmic actin and fail to move their spindle. Full-length Fmn2 or the actin-elongating/nucleating FH1/FH2 domains of Fmn2 could rescue these phenotypes. The results favor a model in which forces generated by formin-dependent assembly of F-actin power spindle positioning, and that a symmetrybreaking event determines the direction of motion.
In agreement with Li et al. [13] , Schuh et al. [14] report that actin and Fmn2 are required for spindle relocalization. They use confocal microscopy to show that short, dynamic actin filaments surround the spindle and extend into its interior. As the spindle approaches the cortex, the cortex dimples inward, and actin filaments are observed to move toward the spindle pole at the same rate that the spindle moves to the cortex. These observations suggest that myosin pulling on actin contributes to the motion. In support of this role for myosin, antibody staining showed that the activated, phosphorylated form of myosin light chain localizes to the spindle poles. Additionally, treatment with ML7, a kinase inhibitor that inhibits myosin light chain kinase, reduced the rate of spindle movement and blocked the poleward motion of actin filaments. From these results, the authors propose that a dynamic meshwork of actin filaments extends from the spindle poles to the cortex and that myosin pulls on these filaments to move the spindle. The model predicts, and experiments verify, that spindles will move end-on to the nearest cortex and that motion will speed up as the spindle nears the cortex.
Although both studies agree on the contribution of actin and Fmn2, Li et al. [13] and Schuh et al. [14] differ as to the role of myosin, based on studies using ML7. While Li et al. [13] tracked chromosome movement, Schuh et al. [14] observed the spindle. Perhaps actin polymerization works first to push the chromosomes and thus the spindle to the cortex (Figure 1) , and then polelocalized myosin 'steps in' to finish the job and anchor the spindle to the cortex (Figure 1 ). It is possible that this latter step may not be as apparent when observing chromosomal movements. In addition, myosin may regulate dynamic turnover of actin, thus contributing to spindle positioning [11, 16] . The existence of partially overlapping mechanisms is consistent with redundant pathways contributing to vital cellular processes.
Unlike the microtubule-based mechanisms for spindle positioning observed in other cells types, these studies provide evidence for a novel actin-based mechanism for spindle movement. Previous analysis of chromosome capture in early prometaphase cells showed that the 'casting' range of a microtubule is about 30 mm; chromosomes farther than this distance from a spindle pole are unlikely to interact with a microtubule [17] . In large oocytes with sparse astral microtubules, most microtubules are not long enough to reach the cortex and generate force. So large cells have devised another way -using actin polymerization and myosin pulling to generate force. 
